Aim: Serum gamma-glutamyltransferase (GGT) levels, which are associated with insulin resistance, may predict the incidence of cardiovascular disease and mortality. Here, the relationship was analyzed between changes in obesity parameters and those in serum GGT over a one-year period. Methods: Data were analyzed from individuals who underwent general health screening two years running. Results: Among 3086 individuals (1954 men, 1132 women), percent changes in both waist circumference (%dWC) and body mass index (BMI) (%dBMI) were significantly correlated with percent changes in GGT (%dGGT) in men (r = 0.17 and r = 0.31, respectively). On the other hand, in women, %dBMI, but not %dWC, had a significant association with %dGGT. When age, %dWC, %dBMI, smoking status, and alcohol intake were all included as independent variables, %dBMI, but not %dWC, showed a graded association with the highest %dGGT quartile in both genders. Furthermore, incorporation of %dWC as an additional independent variable to age, gender, and %dBMI did not show an incremental improvement in prediction for the highest %dGGT quartile (C statistic, 0.643 to 0.648; p = 0.380), suggesting that taking WC changes into account does not significantly improve the prediction of GGT changes when BMI has already been taken into consideration. Conclusion: Changes in BMI are dose-dependently associated with GGT changes in both genders; however, the additional consideration of changes in WC does not show a significant statistical improvement in the prediction of GGT changes. 
Introduction
Recent studies have reported that gamma-glutamyltransferase (GGT) is related to an enhanced risk for subclinical atherosclerosis and coronary events 1, 2) .
Although the elevation of liver enzymes such as aspartate aminotransferase (AST) and alanine aminotransferase (ALT) as well as GGT can show the expression of excess deposition of fat in the liver, which is usually termed nonalcoholic fatty liver disease and is regarded as a feature of insulin resistance, serum GGT levels were reported to be the most powerful risk indicator of developing metabolic syndrome among these liver enzymes 3) . In addition, it was recently found that higher GGT, which has been widely used as a marker of alcohol consumption, was associated with a higher incidence of diabetes, irrespective of drinking status or
Laboratory Analysis
Blood samples were taken from the subjects after an overnight fast. Serum levels of GGT, total and high-density lipoprotein (HDL) cholesterol, and triglycerides were determined enzymatically. Serum alanine aminotransferase levels were measured by the consensus method of the Japan Society of Clinical Chemistry 11) . Serum uric acid was measured by the uricase-peroxidase method. Homeostasis model assessment of insulin resistance (HOMA-IR) was calculated by the equation: HOMA-IR = (immunoreactive insulin×fasting glucose)/405. The percent difference in the value of WC and BMI, and serum levels of GGT between first and second visits was designated as %dWC, %dBMI, and %dGGT, respectively. All subjects were seen after an overnight fast. Blood pressure was measured by an automated sphygmomanometer after about 10 min of rest.
Status of Cigarette Smoking and Alcohol Consumption
Smoking was categorized to be never smoking, former smoking, or current smoking, and it was judged to be former smoking when the period from the time from smoking cessation was more than one month. Alcohol intake was categorized as never drinking, former drinking, or current drinking, and it was judged to be former drinking when the period from drinking cessation was more than one month. Additionally, in current drinkers, the amount of alcohol consumption was further subcategorized based solely on the amount of daily alcohol consumption, disregarding the days of alcohol intake per week: this category comprised 1-19 g/day, 20-39 g/day, 40-59 g/day, and 60 g/day or more.
Statistical Analysis
Data analysis was performed using Dr. SPSS II for Windows (SPSS Inc., Chicago, IL) and STATA 11 (StataCorp LP, College Station, TX). Data are expressed as the mean±standard deviation (SD) unless stated otherwise. Differences between groups were calculated by analysis of variance (ANOVA), and χ 2 tests. Correlations between variables tested were assessed using Pearson's correlation coefficient. Logistic regression analysis was performed for binominal variables. Improvement in the area under the curve (AUC) of the receiver operating characteristic curve (ROC), referred to as the C statistic, was assessed after incorporating %dWC into the model including age, gender, and %dBMI in the prediction of the highest %dGGT quartile. P＜0.05 was taken to be significant. obesity, in a four-year follow-up study 4) , suggesting that GGT may be an independent predictor of metabolic syndrome.
The finding that weight loss induced by a lowcalorie diet leads to falls in GGT, along with the amelioration of insulin resistance 5) , suggests that lifestyle modifications are potently effective in controlling serum GGT levels. GGT is reported to be associated with the intra-abdominal fat area 6) , body mass index (BMI) and waist circumference (WC) 7) . The findings that abdominal height may be a better correlate of GGT levels than BMI 8) and that short-term endurance training leading to a reduction of WC, but not weight loss, was associated with a decrease in GGT 9) suggest that GGT has a close relation with abdominal obesity rather than general obesity. On the other hand, we previously reported that, as compared with changes in WC, changes in BMI over a one-year period may have a greater impact on changes in insulin resistance. In this regard, the aim of the current study was to compare the impact of changes in BMI and changes in WC in terms of changes in serum GGT levels.
Methods

Study Population
The 1954 men) , who gave sufficient information regarding their status of cigarette smoking and alcohol consumption. The interval between the two visits of the individuals enrolled was 377±68 days. Height and weight were determined, and BMI was expressed as weight (in kilograms) divided by the square of the height (in meters). WC was measured at the umbilical levels to the nearest 1 cm by trained physicians and technicians with the subject standing 10) . −2.9, −2.9/0.1, 0.1/3.1, and 3.1/23.9 for each %dWC quartile, and −21.5/−1.9, −1.9/−0.1, −0.1/1.5, and 1.5/14.9 for each %dBMI quartile. There was no statistically significant trend in GGT levels at the first visit across the four %dWC or %dBMI quartiles ( Table 1) . The relationship between GGT at the first visit and HOMA-IR at the first visit was 0.199 (p＜
Results
Characteristics of Individuals
Among 3086 individuals enrolled in the current study, 1132 were women and 1954 were men, and the mean±SD age was 60.4±10.0 years at the first visit. The sex-nonspecific ranges (min/max) were −20.8/ Association between %dBMI or %dWC and %dGGT Scatter plots between %dWC and %dGGT and between %dBMI and %dGGT according to gender are shown in Fig. 2 . The correlation between percent changes in obesity parameters and %dGGT was found to be statistically significant, except for the relation-0.001), and that between %dGGT and %dHOMA-IR was 0.156 (p＜0.001). Daily alcohol intake showed a graded association with serum GGT at the first visit in both genders (Fig. 1A, B) ; however, it was not significantly related to %dGGT in either gender (Fig. 1C,  D) . 
Receiver Operating Characteristic (ROC) Analysis
Next, we investigated the incremental improvement in the prediction of annual percent GGT change. Incorporation of %dBMI in addition to older age (＞50 years) and gender significantly improved the ability to predict the highest %dGGT quartile (C statistic, 0.520 to 0.643; p＜0.001) (Fig. 4A) . Additional inclusion of %dWC in this model did not significantly improve prediction ability (C statistic, 0.648, p=0.380) (Fig. 4B) , suggesting that taking WC changes into account does not further improve the prediction of GGT changes when BMI has already been taken into consideration.
Discussion
In the current study, we investigated the relative impact of one-year changes in WC and BMI by analyzing data from 3086 individuals who underwent general health screening two years running. It was found that %dBMI, but not %dWC, showed a graded association with the highest %dGGT quartile (%dGGT of 13.5% or greater) in women. In men, ship between %dWC and %dGGT in women. The correlation coefficient between %dWC and %dBMI was 0.367 in women and 0.544 in men, and the kappa coefficient between %dWC quartiles and %dBMI quartiles was found to be slight (women, 0.178, p＜ 0.001; men, 0.231, p＜0.001).
Multivariate Logistic Regression Analysis
In logistic regression analysis adjusted for age, both %dWC and %dBMI quartiles showed a graded association with the highest %dGGT quartile (%dGGT of 13.5% or greater) in men (Fig. 3B, 3D) . The odds ratio of the fourth %dWC quartile was 3.34 (95%CI 2.07-5.39) and that of the fourth %dBMI quartile was 6.40 (95%CI 4.51-9.09) as compared with the corresponding lowest quartile. When age, %dWC quartiles, %dBMI quartiles, smoking status (never/ former/current), and alcohol intake (never/former/ current) were all included as independent variables, %dBMI, but not %dWC, was found to show a graded increase in the odds ratio for the highest %dGGT quartile in both genders (Fig. 3E, 3F) . 17) . The findings in the current study demonstrated that changes in BMI may have a greater impact on changes in serum GGT than WC changes, as previously observed for changes in insulin resistance and other factors related to cardiovascular risk, such as blood pressure, serum lipids and uric acid, and renal function 12, [17] [18] [19] . Several previous studies examined the effect of weight changes on GGT changes in a communitydwelling population. Lee et al. have reported that, in male subjects undergoing health examination, serum GGT level was associated with changes in BMI, but not with baseline BMI 20) ; therefore, they suspected that the effects of adiposity on GGT may be temporary. Nilssen et al. reported in a 7-year longitudinal follow-up of a cohort in Tromsø, Norway, that changes in BMI were strongly positively correlated with GGT change 21) . In addition, in the 3-year follow up of subjects enrolled in the D.E.S.I.R. cohort (Data from Epidemiological Study on the Insulin Resistance syndrome), André et al. reported that changes in BMI and in the waist-hip ratio were associated with changes in GGT 22) . Furthermore, by analyzing the data of both %dWC and %dBMI showed a graded association with the highest %dGGT quartile, although %dWC did not remain significantly associated with %dGGT when %dBMI and %dWC were both entered into the statistical model. In addition, in ROC analysis, including %dWC in the model that had already taken %dBMI into account did not significantly improve the prediction of the highest %dGGT quartile. In the current study, we confirmed that daily alcohol intake had a positive relation with GGT at the first visit, in agreement with previous observations 12, 13) , but daily alcohol intake did not have a significant impact on the changes in GGT during a one-year period. Wakabayashi et al. showed that, in Japanese men with diabetes, excessive alcohol drinking ( ≥ 44 g/day) was associated with a higher risk of the development of hypertension and hypertriglyceridemia, which are associated with metabolic syndrome 14) . Besides being a marker of alcohol intake and/or liver function, GGT has been reported to be a predictor of enhanced insulin resistance 15) , and weight loss leads to a significant improvement in insulin resistance 16) . We previously reported that changes in BMI over a one-year period may have a greater impact on . Furthermore, Park et al. showed that in patients in whom fatty liver was ameliorated, BMI, WC, and GGT were found to be reduced 26) . Regardless of these previous studies assessing the association between obesity parameters and GGT, to the best of our knowledge, whether weight loss or WC reduction has a greater impact on GGT change has not been clearly demonstrated in a community-dwelling population until now.
In our current study, %dWC was correlated with %dGGT in men but not in women. One of the possible reasons is that WC measurements may be inaccurate compared to weight and height measurements. Lee et al. reported that, although WC was significantly associated with BMI in each BMI category among male company employees with a mean age of 34 years, who had participated in two consecutive health surveillance examinations, Burns et al. reported that increases in GGT were greater in subjects who showed greater weight gain 23) . The relationship between weight change and GGT change has also been assessed in patients with hepatic steatosis. Dixon et al. reported that weight loss following laparoscopic adjustable gastric banding leads to a fall in GGT, which was predictive of improved hepatic lobular inflammation and fibrosis in patients with non-alcoholic fatty liver disease 24) . In addition, Subuncu et al. reported that pharmacological antiobesity therapies that reduced body weight by about 10% also reduced serum GGT levels in patients with This point should be investigated in future studies. Third, we enrolled only individuals who visited our institute two years running, and we do not know why some individuals did not attend in both years.
In summary, by analyzing data from individuals who underwent general health screening two years running, changes in BMI and WC were both found to be positively associated with changes in GGT in men, whereas changes in BMI but not in WC were associated with changes in GGT in women. After including %dBMI and %dWC together in the statistical model, the association between %dWC and %dGGT became non-significant. In addition, in the ROC model including %dBMI as an independent variable, incorporation of %dWC did not show an incremental improvement in the prediction of GGT change. These findings collectively indicate that controlling weight, as compared with WC, may have a stronger impact on changes in serum GGT during a one-year period, similar to findings regarding the association between changes in BMI, WC, and insulin resistance 17) .
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This work was supported in part by a Grant-inAid from the Ministry of Health, Labour, and Welfare, Japan (Hepatitis), a Grant-in-Aid for Scientific individuals whose BMI was 18.5 kg/m 2 or greater in both men and women, the coefficients between WC and BMI were lower in women than in men 27) . Wing et al. reported that the association between weight loss and changes in WC in women was weaker than in men 28) . Although, in general, WC has been considered to be more strongly associated with visceral fat, which reflects insulin resistance, than BMI 29) , it remains controversial. Flegal et al. reported that percentage body fat tended to be more correlated with WC than with BMI in men. In contrast, it was significantly more correlated with BMI than with WC in women 30) . In addition, Kamel et al. found that changes in visceral fat were significantly correlated with those in WC in women, but not in men 31) . Although WC has been widely used as a diagnostic criterion of metabolic syndrome, WC cutoff values were determined on the basis of different clinical settings. Different statistical procedures may generate different cutoff values even in the same population owing not only to measurement inaccuracy but also to different analytic grounds 32) . These previous reports suggest that there is some uncertainy regarding WC measurement.
There are several limitations of the current study. First, owing to the observational nature of the study, we cannot draw conclusions on the causal and resultant relationship between BMI/WC changes and changes in GGT. Second, we do not have information regarding whether the individuals enrolled in the study had undergone certain specific weight reduction programs. In the current study, the reasons why individuals experienced reduction of BMI or WC were A B
